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Executive Summary 

Benthic macroinvertebrates are small animals, including insects, worms, snails, crustaceans, 
and clams, that live in or near stream beds.  These animals can be used as an overall indicator 
of the health of aquatic life in a stream because they are affected by all the environmental 
conditions present in a stream.  Since these conditions are strongly affected by land uses and 
activities in the area draining to the stream (i.e., the watershed), the condition of benthic 
macroinvertebrates is sometimes correlated with those land uses and activities.  When such 
correlations can be made, the information can be used to identify specific actions that might 
improve aquatic life. 

The type, number, and characteristics of benthic macroinvertebrate species at a location can be 
given a numerical score from 1 to 100 using a scoring method known as the Puget Lowland 
Benthic Index of Biotic Integrity, or B-IBI.  The B-IBI score measures how well the benthic 
macroinvertebrate community is doing in a stream. The B-IBI score range is divided into five 
condition categories: Very Poor (0-19), Poor (20-39), Fair (40-59), Good (60-79), and Excellent 
(80-100). Condition categories reflect traits of benthic macroinvertebrate species and 
populations and usually the severity of impact due to changes in water quality, physical habitat, 
and accumulation of toxins in the water and sediment.  

Snohomish County Department of Public Works, Surface Water Management Division (SWM) 
collected benthic macroinvertebrate samples to calculate B-IBI scores during a 10-year period. 
The study was conducted within the unincorporated Snohomish County area of three Water 
Resource Inventory Areas (WRIAs): the Stillaguamish River watershed (WRIA 5), the Snohomish 
River watershed (WRIA 7), and the Cedar-Sammamish watershed (WRIA 8).  Almost all of the 
study area in WRIAs 5 and 7 contains rural or forest land use, while the study area in WRIA 8 is 
much more developed. 

The overall status of aquatic life based on B-IBI scores was assessed for each WRIA study area, 
and aquatic life status was compared among the WRIAs.  Trends (how scores change through 
time) were assessed at the WRIA scale by sampling the same sites in each of three different 
years during the span of the 10-year period.  

The overall aquatic life status of the area studied in WRIAs 5 and 7 was in the Good score 
category, while the overall aquatic life status of the study area in WRIA 8 was in the Poor score 
category.  These results are expected given the general land use patterns and level of 
development among the areas studied.  The area studied in WRIA 8 contains a significant 
amount of urbanized area, with more impervious surfaces, motor vehicle traffic, and road 
density relative to the studied areas in WRIAs 5 and 7.  These characteristics tend to result in 
more altered stream hydrology (higher flows during storms and, in some circumstances, lower 
flows between storms) and more pollution entering the streams. 

There was no consistent time trend (improving or declining) in B-IBI scores from any of the 
three WRIAs studied.  Further, there was no common pattern through time in B-IBI scores for 
individual sampling sites in any of the WRIAs, though B-IBI scores in later years tended to be 
higher for many sites. The results indicate that large-scale factors such as climate (e.g., drought) 
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did not universally influence all sites the same way and that differences in local site-scale 
factors such as flow, habitat or water quality were important. 

That being the case, score variability cannot be readily linked to site-specific stressors or causes 
as that level of effort was not included in this study. Therefore, in the future, the variability in 
conditions at B-IBI sites should separately be measured in order to characterize the possible 
site-specific and year-specific influences on B-IBI scores. Obtaining a better understanding of 
site conditions, year-to-year changes and watershed effects that change BIBI scores will help to 
develop strategies for improving aquatic life. 
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1 Introduct ion 

Macroinvertebrates are animals that do not have a backbone and are large enough to be seen 
with the naked eye.  Benthic macroinvertebrates live in or near a streambed and include 
insects, worms, snails, crustaceans, and clams.  Benthic macroinvertebrates are used as an 
overall indicator of the health of aquatic life in a stream because they spend most or all of their 
life in a stream and are thus affected by the entire scope of environmental conditions present 
in a stream.  Since the conditions in a stream are in large part a function of land use and 
activities in the land draining to the stream (i.e., the watershed), the condition of the benthic 
macroinvertebrate community can sometimes be correlated with impacts associated with those 
land uses and activities.  When such correlations can be made, the information can be used to 
identify specific actions that might improve stream health.  

The Puget Lowland Benthic Index of Biotic Integrity, or B-IBI, was developed in the 1990s to 
evaluate the health of aquatic life in streams within the Pacific Northwest. The B-IBI uses the 
composition of the benthic macroinvertebrate community, including the number, type, and 
characteristics of species present, to evaluate the overall health of aquatic life in a stream and 
assign a numeric score based on that evaluation. The specific characteristics evaluated and the 
method of scoring are discussed in Chapter 2. More information is available on the Puget Sound 
Steam Benthos website: https://www.pugetsoundstreambenthos.org/About-BIBI.aspx. 

Snohomish County Department of Public Works, Surface Water Management Division (SWM) 
collected benthic macroinvertebrate samples to calculate B-IBI scores during a 10-year period. 
The study was conducted within the unincorporated Snohomish County area of three Water 
Resource Inventory Areas (WRIAs): the Stillaguamish River watershed (WRIA 5), the Snohomish 
River watershed (WRIA 7), and the Cedar-Sammamish watershed (WRIA 8).  The overall status 
of the health of aquatic life based on B-IBI scores was assessed for each WRIA and compared 
among the WRIAs.  Trends (how scores change through time) in aquatic life conditions were 
assessed at the individual site scale and at the WRIA scale by sampling the same sites in each of 
three different years. 

Chapter 2 of this report describes the sample site selection, sampling protocols, laboratory 
analysis methods, B-IBI score calculation method, and data analyses performed for this project. 

Chapter 3 describes the B-IBI data collected and the status and trends of aquatic life based on 
those data. 

Chapter 4 presents conclusions that can be drawn from the results of this study.  

https://www.pugetsoundstreambenthos.org/About-BIBI.aspx
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2 Project Methodology 

2.1 Sampling strategy 

Sampling was performed within the unincorporated Snohomish County area of the 
Stillaguamish River watershed (WRIA 5), the Snohomish River watershed (WRIA 7), and the 
Cedar-Sammamish watershed (WRIA 8).  As a rule, samples were collected in only one WRIA 
per year, according to the schedule in Table 1.   

TABLE 1 - SAMPLING SCHEDULE. 

WRIA 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

5   Year 1  ---  Year 2   Year 3 

7  Year 1   --- Year 2   Year 3  

8 Year 1   Year 2 ---   Year 3   

For brevity, ǘƘŜ ǘŜǊƳ ά²wL!έ ƛǎ ǳǎŜŘ ƛƴ this report to mean that area of a WRIA within 
unincorporated Snohomish County, which is the area the samples are intended to represent.  
As shown in Table 2, the majority of WRIA 5 and half of WRIA 7 are within Snohomish County, 
and most of that area is unincorporated.  In contrast, only 18% of WRIA 8 lies within Snohomish 
County, and over one third of that total area is unincorporated (in cities).   

TABLE 2 - PERCENTAGE OF WRIA AREA WITHIN SNOHOMISH COUNTY. 

WRIA 
% of WRIA in 

Snohomish County 
% of WRIA in Snohomish 

County unincorporated area 

5 73% 72% 

7 51% 47% 

8 18% 11% 

2.2 Sample site selection 

Sampling sites were selected using two different methods so that both status and trends could 
be evaluated.   

ά{ǘŀǘǳǎέ ǎƛǘŜǎ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ǳǎƛƴƎ ŀ ǊŀƴŘƻƳƛȊŜŘ ǇǊƻŎŜǎǎ to ensure the entire suite of stream 
conditions in the WRIA were represented.  The project plan set a goal of sampling 15 status 
sites in a WRIA in each of the three scheduled sampling years, which would result in a total of 
45 status samples for each WRIA.  Status ǎƛǘŜǎ ǿŜǊŜ ǎŜƭŜŎǘŜŘ άǿƛǘƘ ǊŜǇƭŀŎŜƳŜƴǘ,έ ƳŜŀƴƛƴƎ ǘƘŀǘ 
a site already sampled could be reselected in subsequent years of sampling; this did in fact 
happen in each WRIA.   

άTrendέ sites were selected using a two-step process.  The first step was to identify a set of sites 
using the same randomized method discussed above.  Then, these sites were further evaluated 
for logistics and other considerations. The project plan called for selection of 15 trend sites in 
each WRIA.  Samples were to be collected from these sites in each of the three scheduled 
sampling years, for a total of 45 trend samples for each WRIA. 

2.3 Sample collection protocols 

Benthic macroinvertebrate sampling procedures and sample processing followed the protocols 
ŘŜǎŎǊƛōŜŘ ƛƴ {²aΩǎ CǊŜǎƘǿŀǘŜǊ {ǘǊŜŀƳǎ .ŜƴǘƘƛŎ aŀŎǊƻƛƴǾŜǊǘŜōǊŀǘŜ {ǘŀǘǳǎ ŀƴŘ ¢ǊŜƴŘǎ 
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Sampling and Analysis Plan (Britsch et al., 2010).  Protocols and procedures for sampling 
benthic macroinvertebrates are consistent those described in the Washington State 
Department of Ecology Program, Benthic Macroinvertebrate Biological Monitoring Protocols for 
Rivers and Streams (Plotnikoff and Wiseman, 2001). 

From 2005 through 2012, benthic macroinvertebrates were collected from a 3 ft2 of riffle 
habitat area, while in 2013 and 2014 benthic invertebrates were collected from 8 ft2 of riffle 
habitat area.  This change increased the probability that most sites sampled would meet the 
desired target of 500 organisms.  The change was also in accord with an effort to standardize 
sampling protocols among government agencies.  King County (2014) compared B-IBI scores 
obtained using a 3 ft2 sampling area versus an 8 ft2 sampling area and found no bias in B-IBI 
scores obtained from the different sampling areas. 

2.4 Laboratory analysis methods 

Each benthic macroinvertebrate sample was analyzed by a contract laboratory to determine a 
B-IBI score.  The score is based on the biological metrics listed in Table 3.  Each metric is given a 
numerical score, and the scores are combined into a total score for the sample.  Table 3 also 
summarizes the predicted response of each metric to environmental impairments. 

The current B-IBI scoring system divides the 100-point score range into five condition 
categories: Very Poor (0-19), Poor (20-39), Fair (40-59), Good (60-79), Excellent (80-100).  Table 
4 presents a general description of the aquatic life conditions associated with each score range. 

When this project started, the B-IBI scoring system had a score range from 10-50.  During the 
project, the B-IBI scoring system was revised to use a score range from 0-100.  Scores for this 
project that were calculated using the 10-50 scoring system were recalculated using the 0-100 
system. 
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TABLE 3 - BIOMETRICS THAT COMPOSE THE PUGET SOUND BENTHIC INDEX OF BIOTIC INTEGRITY (B-IBI). 

Biometric Definition 
Predicted Response to 

Impairment 
Total Taxa Richness  
(Count of all taxa) 

A measure of the number of 
kinds of organisms (taxa) in a 
collection.  

Decrease in number of taxa.  

Ephemeroptera Taxa Richness 
(Count of Ephemeroptera taxa) 

Number of mayfly taxa. Decrease in number of mayfly 
taxa as mayflies are pollution-
sensitive, with the exception of 
the Baetidae family.  

Plecoptera Taxa Richness 
(Count of Plecoptera taxa) 

Number of stonefly taxa. Decrease in number of taxa as 
stoneflies are pollution-
sensitive. 

Trichoptera Taxa Richness 
(Count of Trichoptera taxa) 

Number of caddisfly taxa. Decrease in number of taxa as 
caddisflies are pollution-
sensitive, with the exception of 
the Limnephilidae family.  

Intolerant Taxa Richness 
(Count of intolerant taxa) 

Number of genera that are 
sensitive to pollutants.  

Decrease in number of 
pollution-sensitive genera. 

Clinger Taxa Richness and 
Percent 
(Count of Clinger taxa and 
percent of the total sample) 

Number of taxa that cling to 
smooth surfaces in fast water, 
and live in spaces between 
rocks in the stream bed.  

Decrease in number of taxa due 
to disturbance of streambed 
sediment or deposition of fine 
sediment.  

Long-Lived Taxa Richness 
(Count of long-lived taxa) 

Number of taxa that live 
multiple years in the water 
before leaving the water as 
adults. 

Decrease in number of taxa that 
live two or more years in the 
water. 

Percent Tolerant Percentage of taxa that are 
more tolerant of pollution. 

Usually an increase in 
percentage of pollution-tolerant 
taxa. 

Percent Predator Percentage of taxa that prey on 
other aquatic organisms. 

Decrease in percentage of 
predatory taxa.  

Percent Dominance Percentage of the single most 
abundant taxon relative to 
other taxa.  
 

Higher percentage of the most 
abundant taxon, which with 
impairments to a stream tends 
to be an impairment-tolerant 
taxon. 

Source: Plotnikoff and Blizard (2013)  
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TABLE 4 - B-IBI SCORE INFORMATION. 

Score range 
classification 

Score range General description of aquatic life in score range 

 

Excellent 

 

80 ς 100 

¶ Comparable to least disturbed reference condition 

¶ Overall high taxa diversity, particularly of mayflies, stoneflies, 
caddisflies, and long-lived, clinger, and intolerant taxa 

¶ High relative abundance of predators 

 

Good 

 

60 ς 79 

¶ Slightly divergent from least disturbed condition 

¶ Absence of some long-lived and intolerant taxa 

¶ Slight decline in richness of mayflies, stoneflies, and caddisflies 

¶ Increased proportion of tolerant taxa 

 

Fair 

 

40 ς 59 

¶ Total taxa richness reduced, particularly intolerant, long-lived, 
stonefly, and clinger taxa 

¶ Reduced relative abundance of predators 

¶ Proportion of tolerant taxa continues to increase 

 

Poor 

 

20 ς 39 

¶ Overall taxa diversity reduced 

¶ Greatly reduced proportion of predators and long-lived taxa 
richness 

¶ Few stoneflies or intolerant taxa present 

¶ Dominance by three most abundant taxa often very high 

 

Very Poor 

 

0 ς 19 

¶ Overall taxa diversity very low and dominated by a few highly 
tolerant taxa 

¶ Mayfly, stonefly, caddisfly, clinger, long-lived, and intolerant 
taxa largely absent 

¶ Relative abundance of predators very low 

Information source: Puget Sound Stream Benthos website https://www.pugetsoundstreambenthos.org/About-BIBI.aspx 

2.5 Data analyses 

2.5.1 Status of aquatic life based on B-IBI scores 

The status of benthic macroinvertebrate communities of each WRIA was determined using B-IBI 
scores from all status site data in the WRIA.  Trend site data were excluded.  The status data 
were assessed by plotting them in Cumulative Distribution Function (CDF) curves, which show 
the percentage of the samples in each WRIA that are at or below a given B-IBI score. Two-
Factor Analysis of Variance (ANOVA) was used to test whether the status scores for any WRIA, 
as a group and by year, differ from the scores of another WRIA.  This analysis was performed so 
that it could be determined if there was a difference between WRIAs and years, at the 95% 
confidence level. A 95% confidence level means that there is only a 5% chance of incorrectly 
concluding there is a difference. 

2.5.2 Trend determinations 

Time trends in benthic macroinvertebrate communities were determined using data from sites 
from which useable data were collected in all three sampling year, regardless of whether the 
sites were initially considered άstatusέ sites or άtrendέ sites.  

https://www.pugetsoundstreambenthos.org/About-BIBI.aspx
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Two types of statistical analyses were used to evaluate trends.  First, a rank correlation test was 
used to determine whether there was a trend in B-IBI scores within each WRIA over the entire 
10-year period of sampling.  Second, a paired t-test was used to determine whether there were 
trends in subsets of the data in a WRIA (e.g., sampling Year 2 and sampling Year 3, per Table 1), 
regardless of whether the rank correlation test identified an overall trend for the entire 10-year 
period.  A lack of a common pattern in trends indicates that variability at each site is less likely 
to be due to a single cause and is more likely to be due to localized factors, such as habitat or 
water quality impacts that vary from year-to-year. Both of these analyses were performed using 
a statistical confidence of 95%.   
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3 Results 

3.1 Samples collected 

Between 2005 and 2014, 255 B-IBI samples were collected from 133 sites.  223 of these 
samples, collected from 122 sites, were used determine status and trends.  The remaining 32 
samples were not used for analyses.  Ten of these 32 samples (3 from status sites and 7 from 
trend sites) were rejected due to a low number of aquatic organisms.  Data from the remaining 
22 samples were from trend sites at which 3 useable samples were not collected. The rejection 
of samples for a low number of aquatic organisms was carried out in accordance with the 
²ŀǎƘƛƴƎǘƻƴ {ǘŀǘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ŎƻƭƻƎȅΩǎ Water Quality Assessment Policy. 

Figures 1 ς 3 show the location of all sampling sites.   

Table 5 shows all site sample scores, including those for which the data were rejected or not 
used for analyses.   

3.2 Status of benthic macroinvertebrate communities 

The condition of benthic macroinvertebrate communities is represented by B-IBI scores from 
samples collected at status sites.  Data from trend sites were not used to determine status as 
the additional criteria used to select trend sites could result in bias, which means that the trend 
site scores could systematically be higher or lower than scores at status sites.   

As noted, the project plan set a goal of collecting samples at 15 status sites in each WRIA for 
each year sampled, or a total of 135 status samples for the project.  However, only 124 status 
samples were collected, at a total of 88 unique sites (some status sites were repeatedly 
selected by the randomized process).  Of those samples, 121 met quality control standards and 
thus the data were considered useable; data from the other 3 samples were rejected.   

Table 5 shows status site sample count by WRIA and the mean, median, high, and low B-IBI 
scores for each WRIA.   

TABLE 5 - STATUS SITE INFORMATION AND B-IBI SCORE STATISTICS. 

 Total 
status 
sites 

Total 
status 

samples 

Useable 
status 

samples 
Mean Median High Low 

WRIA 5 28 41 41 64 62 89 35 

WRIA 7 33 37 37 60 60 99 14 

WRIA 8 27 46 43 30 30 73 1 

Total 88 124 121     

The mean B-IBI score in WRIA 5 was 64, in the low end of the Good score range.  B-IBI scores in 
WRIA 5 ranged from 35 (low end of Poor range) to 89 (middle of Excellent range).   

The mean B-IBI score in WRIA 7 was 60, which is the lowest score of the Good range.  B-IBI 
scores in WRIA 7 ranged from 14 (upper end of Very Poor range) to 99 (top of Excellent range).   

The mean B-IBI score in WRIA 8 was 30, which is the middle of the Poor range.  B-IBI scores in 
WRIA 8 ranged from 1 (bottom of Very Poor range) to 73 (middle of Good range).   



HEALTH OF BENTHIC MACROINVERTEBRATES IN STREAMS OF SNOHOMISH COUNTY 
8 | P a g e 

 
FIGURE 1 - SAMPLING SITES IN WRIA 5.  
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FIGURE 2 - SAMPLING SITES IN WRIA 7.  






















